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摘  要
         
         
国内许多小型加工企业的自动化程度低，无法应对市场需求迅速变化给生产效率和
加工精度带来的难题，并且这种情况在未来一段时间内很难得到改善。本文针对这
种情况，开发出了一种基于“IPC+运动控制卡”结构的开放式五轴数控系统。这种
数控系统具有模块化、软硬件可重构的开放特性，能很好的平衡多样化的产品种类
与生产成本之间的关系，具有良好的发展前景。
本文设计了数控系统的硬件架构与电气连接，基于此搭建出数控系统的硬件平台
，相较于一般的数控系统具有更好的开放性。其能够根据安装伺服驱动器的数量自
动进行轴数适配，并可对外设进行扩展与功能的重构，如在试加工模式下，手摇脉
冲发生器可作为加工控制器使用。对常用插补算法进行分析对比，提出了一种使用
圆弧方程的数据采样插补算法，可以消除插补周期中对三角函数的计算，且不需要
对曲线过象限的情况进行额外分析，显著减少了插补的运算时间。基于C#正则表达
式设计开发了一个代码编译器，可对NC代码进行语法与逻辑检查，并将其转换为系
统可识别的控制指令。运用面向对象的设计模式开发了数控系统的系统软件部分
，并提出了一种模块化架构，使系统具有良好的开放扩展性。同时，其仿真系统具
有很强的实用性，可以在三维场景下实时显示机床的运行状况与刀具轨迹，还能够
脱离实际设备进行加工模拟，以检验数控程序的正确性与加工工艺的合性。
本文所开发的数控系统已投入实际使用，经过长期的加工运行与测试，证明了其基
本功能完整，能够安全可靠的运行。
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Abstract
         
         
Due to low automatic level, many domestic small-scale enterprises unable to
cope with problems in production efficiency and machining accuracy caused by
rapidly changing market demands, and in the next period of time that is difficult to
be changed. Aiming at that, this paper developed an open CNC system with five-
axis which is based on "IPC with motion control card" structure. Such numerical
control system has a modular and open nature on reconfiguration of software and
hardware. It can well balance product diversification and production costs, with
good prospects for development.
This paper designed the hardware architecture of CNC System and electrical
connection, and then built a hardware platform based on that with better
openness than those traditional systems. It can automatically adapt itself
according to the number of installed servo drivers, extend and reconfigure the
peripherals. For example, manual pulse generator is used for controlling process
in trying-process mode. Paper analyzed common interpolation algorithms and
make a comparison between them, then proposes a data-sampling interpolation
algorithm using an arc equation, it eliminated the calculation of trigonometric in
interpolation cycle and does not require the additional analysis when over
quadrant. So it could significant reducing the computation time in interpolation.
Paper developed and designed a NC compiler based on C# regex, it can check
grammar and logic errors, and convert the code to the control data recognized by
the system. Using of object-oriented design pattern developed the software part
of the CNC system. It bases on a modular architecture, that brought it openly
expansibility. The simulation system in the CNC system is very practical, it can
real-time display operation status of machine and track of cutter in the 3D scene.
At the same time, it is able to simulate process without actual equipment to verify
the correctness of the NC program and rationality of processing craft.
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The developed CNC system has been put into practical use. Long time running
and testing demonstrate that the system has complete functions, in addition to
operates safely and reliably.
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